SUMMARY Galanin, a newly discovered peptide, was found throughout the gastrointestinal tract of man, pig, and rat, exclusively in nerves. The concentrations of immunoreactive galanin ranged from 3-7±0-7 (mean±SEM) pmollg in rat antrum to 76-5±14-3 pmol/g in pig colon. The predominantly intrinsic origin of the galanin nerves was shown by the finding of the peptide in submucosal ganglion cells, the majority of which also contained VIP. Furthermore, neither extrinsic denervation of the gut nor administration of capsaicin, which selectively destroys extrinsic afferent fibres, had any significant effect on the galanin innervation. The caudal projection of galanin-immunoreactive fibres was demonstrated by complete transection of the gut, which led to their reduction in the 1 to 2 cm distal to the cut. The abundance of galanin in the innervation of the mammalian gut and its reported action on smooth muscle contractility suggest this peptide to be a novel regulatory factor in the control of bowel function.
exposed. All branches to the ileum arising from the right ileal artery were ligated and cut, thereby removing the perivascular extrinsic nerve supply to the terminal 6-8 cm of ileum (depending on individual anatomy). After surgery, the animals were allowed to recover and maintain a normal diet for one week, after which they were killed, and a 3 cm segment was taken from the denervated portion of the terminal ileum. Segments of a similar size were also taken from proximal ileum and from ascending and distal colon, for comparison. The segments were processed for immunocytochemistry and radioimmunoassay.
(b) Gut transection To gain information on the direction in which galanin-immunoreactive enteric nerves project, the ileum was transected and sutured together again. Six rats were anaesthetised as above. The abdomen was opened and the ileum exposed. At a point approximately 10 cm proximal to the ileocaecal valve, the ileum was completely transected but the marginal artery was left intact. The two cut edges were then sutured together. After surgery, the animals were allowed to recover and maintain a normal diet for five days, after which they were killed. Five portions of ileum measuring 1 cm in length were taken from either side of the cut. CAPSAICIN 
TREATMENT
The possible sensory origin of galanin-containing nerves was investigated by administering the neurotoxic agent capsaicin, known to deplete primary afferent neurones of their neurotransmitter content.5 Three neonatal Sprague-Dawley rats received two doses of capsaicin (Fluka) (50 mg/kg) dissolved in vehicle (alcohol: Tween 80: saline, 1:1:8 vol). The first dose was administered subcutaneously on day 2 and the second intraperitoneally on day 3. Three litter mates received only vehicle. The animals were killed at 2 months of age. In order to test the efficacy of the capsaicin treatment, samples of spinal cord (L4) were removed from the rats. Possible depletion of galanin-containing nerves was investigated in ileal samples, this site having been used frequently in the study of Tissue extracts Samples of normal human, porcine, and rat gut were processed for radioimmunoassay determination of galanin content, as were the extrinsically denervated rat guts and controls.
For extraction, preweighed samples were dropped into polypropylene tubes containing boiling acetic acid (0.5 mol/l, approx 10 ml/g tissue). The tubes were boiled for 20 minutes in a water bath and then cooled at room temperature and were frozen (-20°C) until required for assay.
Radioimmunoassay
The radioimmunoassay for galanin is reported in full elsewhere.15 Briefly, the purification of the monoiodinated peptide tracer was achieved using high performance liquid chromatography using a Bondapak C18 column with 30% acetronitrile and 0-1% Table 2 . In general, few galanin-immunoreactive fibres were detected in the mucosal layer. Most fibres were present in the muscle layers. Galanin-immunoreactive neuronal cell bodies were present only in the submucous plexus of the human and porcine gut. Although they were not present in all areas of the gut, the rat had immunoreactive ganglion cells in both plexuses, with higher numbers being found in the submucous plexus. There were, however, some variations in the distribution in each species.
Rat
In the stomach, galanin immunoreactive fibres were present mainly in the circular muscle coat. The second most frequent site was the longitudinal muscle and in between, only a fine scattering of immunoreactive fibres could be detected in the myenteric plexus. No neuronal cell bodies were found to contain galanin in the myenteric plexus (Fig. 1) . In the submucosa, the fibres were again few and scattered, sometimes laying near ganglion cells, a few of which were immunoreactive. A small number of single fibres could be seen in the muscularis mucosae but galanin-immunoreactive fibres were rare in the mucosa. This pattern changed in the duodenum, which received a heavier supply of galanin-immunoreactive nerves. Fibres were more prominent in the mucosa, although the total numbers were still quite low, and they lay mainly toward the base of the mucosal layer. The submucous plexus was more densely innervated than in the antrum and immunoreactive ganglion cells were seen more frequently. These numbered up to half of the cells in each group. The galanin innervation of the muscle layers was similar to that seen in the antrum and fundus but in the myenteric plexus a thicker mesh of fibres could be discerned. Some immunoreactive ganglion cells were found in this plexus. In the other areas of gut, a similar distribution of galanin-immunoreactive nerve fibres was seen as in the duodenum, with immunoreactive cell bodies being found in the myenteric and submucous plexuses.
Pig
As in the rat, galanin-immunoreactive fibres were found only rarely in the mucosa of the porcine stomach. The general distribution of the fibres in this area was similar to that in the rat except that fewer fibres could be found in the circular muscle of the antrum in comparison with that of the fundus.
The duodenal submucous plexus was richly supplied with immunoreactive neuronal cell bodies and fibres. The cell bodies often formed more than half the total neurones in a group. The mucosa also received a greater supply of galanin nerves than was seen in any other area of pig, rat or human gut. The Fig. 2 Galanin containingfibres lying along the edge ofthe circular muscle coat and in the submucosa ofporcine duodenum. myenteric plexus and muscle coats (Fig. 2) of the porcine duodenum were innervated to a similar extent as the rat duodenum, except that no immunoreactive ganglion cells were found.
The jejunum and ileum contained a similar pattern of galanin-immunoreactive fibres to that seen in the rat but with no immunoreactive ganglion cells being found in either plexus. There was a distinct reduction in fibres in the muscle layers in the colon as compared with the small bowel, but the other layers showed no change.
Human
Galanin-immunoreactive nerves were scattered throughout the human stomach and were equally numerous in the antrum and fundus. Immunoreactive ganglion cells were not very frequent in the submucous plexus.
In the human small bowel, galanin immunoreactive fibres were comparatively infrequent. They were scattered in the mucosal layer, muscularis mucosae and submucosa. Few immunoreactive cell bodies were detected (Fig. 3) . More fibres were found in the longitudinal than the circular muscle but most fibres were found in the myenteric plexus, Bishop, Polak, Bauer, Christofides, Carlei, and Bloom where they showed a distinct localisation around the edge of the plexus, away from the neuronal cell bodies.
The large bowel also showed less galanin-immunoreactive nerves than those of rat or pig bowel, but more fibres were found at this site than in the small bowel. The overall distribution was similar in the wall but fibres were more frequent in the submucosal and mucosal layers.
Radioimmunoassay
Concentrations of galanin immunoreactivity in the gastrointestinal tracts of the three species studied are shown in Table 3 . Galanin immunoreactivity was present throughout the intestine. Concentrations were generally greater in the porcine gut than in the other two species. Also, the pattern of distribution in the pig appeared to be different from the other two species, with concentrations increasing caudally.
Effect of extrinsic denervation
Immunocytochemistry detected similar populations of galanin immunoreactive nerve fibres and ganglion cells in the specimens taken from operated rats and Fig. 3 A whole mount preparation ofthe submucous plexus ofhuman ileum immunostained for galanin using the peroxidase antiperoxidase method. Galanin immunoreactive fibres can be seen intermingled with neuronal cell bodies, three of which are immunoreactive (arrows). Table 4 . No significant change occurred in the content of galanin after extrinsic denervation (p<O0O5).
Effect of gut transection
Immunostaining of galanin in the 1 cm segments of rat ileum taken from either side of the transection showed a complete loss of fibres from the 1 cm distal to the cut. Some fibres were found in the second portion taken distally, mainly in the myenteric plexus and circular muscle. This suggests that the galanin-immunoreactive fibres project mainly in a caudal direction. The other distal portions, removed 3, 4, and 5 cm distal to the cut, had apparently normal galanin innervation. Thus, the fibres apparently project for 1-2 cm. The segments of bowel taken 2, 3, 4, and 5 cm proximal to the transection had normal galanin innervation. Some changes in galanin-immunoreactive nerves could be observed in the 1 cm portion immediately proximal to the lesion. Many fibres, particularly at the distal margin of the 1 cm length, were thicker than normal and densely Galanin nerves appear to project predominantly in a caudal direction. This was shown not only by the loss of galanin-immunoreactive nerves from ileum distal to a transection but also by the formation of abnormal fibres in the proximal region. The morphological abnormalities observed were probably due to the axonal damage incurred by the transection. The general distribution pattern of galaninimmunoreactive nerves was in many ways similar to those containing VIP, one of the most abundant peptides in the enteric nervous system. Both peptides occur solely in nerves, which are present at all levels of the tract and in each layer of the gut wall; and the two types of nerve appear to project mainly in a caudal direction. Galanin and VIP are also both present in ganglion cells of the submucous plexus. There appear to be two main differences in the distributions of the peptides. Firstly, galanin-immunoreactive fibres are infrequent in the mucosal layer compared with VIP nerves, which form a dense plexus at this site. Secondly, galanin nerves show no particular association with the vascular system of the gut. The finding of both galanin and VIP in a population of submucosal ganglion cells, however, underlines the possible overlap in their distributions. Coexistence of peptides within the same cells of the enteric nervous system has been demonstrated previously. i4 Ix The finding of both VIP and galanin in a population of neuronal cell bodies gives rise to speculation on possible functional relationships. Little is known at the moment, however, about the gastrointestinal actions of galanin, apart from its ability to contract isolated preparations of rat enteric smooth muscle.'
The demonstrated localisation of galanin, its presence in significant concentrations in the gastrointestinal tract and its reported contractile activity' suggest that this newly discovered gut neuropeptide may have a role in physiological regulation of muscle tone and gut motility. 
